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CAPAbstract Many traditional scores such as sequential organ failure assessment score (SOFA score)
are used in the ICU to predict outcome and mortality in mechanically ventilated patients with acute
respiratory failure. But new simpliﬁed parameter now, is used such as oxygen index (OI). Other
authors add PEEP to the PaO2/FiO2 ratio called PaFip which is calculated according to the equa-
tion = Ln [(PaO2/FiO2)/(PEEP + 12)] (Ln is the natural logarithm) and used it as an outcome pre-
dictor. Aim of the work: is to evaluate the values of oxygen index, PaFip and SOFA score as early
predictors of outcome of patients with acute respiratory failure caused by severe CAP who under-
went invasive mechanical ventilation. Subjects and methods: this study was carried out on 40
patients with acute respiratory failure due to severe community acquired pneumonia (CAP) who
were mechanically ventilated and divided into 2 groups, GI: included 18 non-survivors and GII:
included 22 survivors. All patients were subjected to full history and clinical examination, plain
X-ray chest and culture and sensitivity of tracheal aspirate. 4 hours after the onset of mechanical
ventilation: ABG, measurement of mean airway pressure, calculation of oxygen index, measure-
ment of extrinsic PEEP and calculation of PaFip were done. Results: The SOFA score, PaFip,
OI, PaO2/FiO2 and PaO2 were related to mortality in patients on mechanical ventilation due to
acute respiratory failure caused by severe community acquired pneumonia. The SOFA score was
the parameter most closely related to mortality (P= 0.00I) followed by PaFip (P= 0.006) and
PaO2/FiO2 (P= 0.008) while PaO2 and OI were the parameters detecting mortality the least
(P= 0.020 & 0.025, respectively). Conclusion: PaFip is nearly equal to the SOFA score as an early
outcome predictor for mechanically ventilated patients while the value of oxygen index as early out-
come predictor is less than the above 2 parameters.
ª 2014 Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest Diseases and
Tuberculosis.
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Figure 1 Mean values of age (year) in two studied groups.
Figure 2 Mean values of the SOFA score, PaFip and PEEP in
the two studied groups.
Figure 3 Mean, range values of oxygen index (OI), mean airway
pressure and PaO2/FiO2 in the two studied groups.
Figure 4 Mean values of FiO2 and PaO2 in the two studied
groups.
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Acute respiratory failure is one of the most common causes of
the emergency admission of patients to intensive care units [1].
Epidemiological studies have estimated the annual incidence of
acute respiratory failure in the United States to be between
77.6 and 430 patients per 100,000 [2]. The mortality rates of
acute respiratory failure in western countries ranged from
41% to 44% [3]. Acute hypoxemic respiratory failure causes
signiﬁcant morbidity and mortality both in adults and in chil-
dren. Over the past 15 years, better understanding of the struc-
tural and biochemical effects of mechanical ventilation on the
lungs and consequent changes of ventilation strategies,
together with advances in critical care, have contributed to bet-
ter survival of acute respiratory failure [4]. Community
acquired pneumonia (CAP) is a common and potentially seri-
ous illness worldwide. It is the main cause of morbidity, espe-
cially acute respiratory failure, and mortality and has a major
impact on public health [5]. Various attempts have been made
to characterize children and patients with acute respiratory
failure who likely will have an unfavorable outcome. Signiﬁ-
cant associations between indicators of severity of acute hyp-
oxemic respiratory failure and mortality have been reported,
but their predictive power still remains controversial [6]. Tradi-
tionally a number of severity scoring systems such as acute
physiology and chronic health evaluation (APACHE) score,
simpliﬁed acute physiologic score (SAPS), sequential organ
failure assessment (SOFA) score are frequently adopted for
severity evaluation and as outcome predictors in ICU patients
[7].
Despite their widespread use, limitations such as lead time
bias [8] and some of the scoring systems include requirement
of a variety of laboratory data and physiologic parameters
for calculation and thus bear inherent complexity of use and
none of them has incorporated the respiratory pressure
(PEEP) and mean airway pressure (mPaw) to evaluate patient
outcome. Some authors used mean airway [9] pressure as fol-
lows, oxygenation index (OI) = 100 ·mPaw/(PaO2/FiO2)
and other authors used PEEP as follows PaFip = Ln
[(PaO2/FiO2)/(PEEP + 12)] [10].
(Ln is the natural logarithm).
Aim of the work
The aim of this work is to compare the value of oxygen index,
PaFip and SOFA score as early predictors of outcome and
mortality in invasive mechanically ventilated patients with
acute respiratory failure caused by community acquired pneu-
monia (Figs. 1–4).
Subjects and methods
This work was carried out on 40 patients who underwent inva-
sive mechanical ventilation (inspiration R ventilator system,
SN: 2013, 5i, 21268, eVent Medical, Ltd., USA) with acute
respiratory failure caused by community acquired pneumonia
(CAP). All patients were admitted to the respiratory care unit,
Chest Department, Tanta University Hospital from the period
March 2013 to March 2014. CAP is deﬁned as acute lower
respiratory tract illness associated with radiographic shadow-ing on admission and chest radiograph consistent with infec-
tion which was neither pre-existing nor of any other known
cause. The following were the exclusion criteria applied: (1)
pneumonia was (a) not the primary cause for hospital admis-
sion (b) an expected terminal event or (c) distal to bronchial
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hematological malignancies (3) patients who had been in hos-
pital within previous 14 days (4) patients were known to be
cardiac, diabetic or had chronic liver or renal diseases [11].
All patients were under empirical antibiotic therapy, patients
were invasive mechanically ventilated if PaO2 <50 mmHg
and SaO2 did not reach 90% with oxygen therapy and non-
invasive mechanical ventilation [12]. All patients were divided
into 2 groups:
Group I: included 18 patients (10 males and 8 females) who
did not survive through mechanical ventilation. Their mean
ages were 56.5 + 7.8 years and.
Group II: included 22 (13 males and 9 females) patients
who survived and weaned from mechanical ventilation. Their
mean aged 48 + 11.3 years.
Informed consents were taken from patients’ relatives to be
enrolled on the present study.
All patients were subjected to:
- Full history and clinical examination, routine investigation.
- Plain X ray chest PA view.
- Culture and sensitivity of tracheal aspirate.
- ABG at mechanical ventilation and after 4 h.
- Mean airway pressure measurement and oxygen index cal-
culation as follows: (100 · mean airway pressure)‚PaO2/
FiO2 [9] 4 h after the onset of mechanical ventilation.
- Extrinsic PEEP measurement and PaFiP calculation, 4 h
after the onset of mechanical ventilation, as follows:
Ln[(PaO2/FiO2))‚PEEP + 12) ] and in the formula, if
PEEP is zero, value 1 is entered [10] ‘‘Ln is the natural
logarithm’’.
Statistical analysis
Statistical presentation and analysis of the present study were
conducted, using the mean, standard deviation, Exp(B), 95.0%
C.I. for EXP(B) by SPSS V.16 (Tables 1–5).
Results
All the above parameters were related to mortality in patients
on mechanical ventilation with acute respiratory failure caused
by severe community acquired pneumonia. The SOFA score
was the parameter most closely related to mortality
(P= 0.00I) followed by PaFip (P= 0.006) and PaO2/FiO2
(P= 0.008) while PaO2 and OI were the parameters detecting
mortality the least (P= 0.020 & 0.025, respectively).Table 1 Mean, range, standard deviation and statistical
analysis of age (year) in the two studied groups.
Age
GI GII
Range 45–71 27–60
Mean ± SD 56.5 ± 7.8 48 ± 11.3
t test 2.326
p value 0.094Discussion
In this study, the overall mortality was 45% of all patients
enrolled for the present study. Gillet et al. [13] found that over-
all mortality was 56% and median survival time was 10 days
among patients with severe necrotizing community acquired
pneumonia due to Staphylococcus aureus. Hu et al. [14] studied
the overall mortality in patients with severe CAP needing
mechanical ventilation and concluded that percent of died
cases was 55.9% but Simpson et al. [15] concluded that one
third of patients with CAP died in the ﬁrst 24 h of presenting
to the hospital. In our study, the SOFA score and PEEP were
signiﬁcantly higher in non survivors as compared to survivors.
Ferreira et al. [16] found that the sequential assessment of
organ dysfunction during the ﬁrst few days of ICU admission
is a good indicator of prognosis. Both the mean and highest
SOFA score are particularly useful predictors of outcome.
Also, Flatten et al. [17] studied patients with acute respiratory
failure admitted in ICU using the SOFA score and found that
prognosis for ICU patients with single organ acute respiratory
failure is good in short and long terms. The highest overall
mortality rate observed is caused by dysfunction in other
organs but Minneet al. [18] concluded that the SOFA score
at admission had only slightly worse performance than
APACHE II, III and were competitive with SAPS II models
in predicting mortality in patients with ICU and the combina-
tion of above parameters clearly improved prognostic perfor-
mance of either model alone. Brower et al. [19] concluded
that clinical outcomes are similar whether lower or higher
PEEP levels are used in patients with acute lung injury or
ARDS needing invasive mechanical ventilation when tidal vol-
ume goal of 6 ml/kg and end-inspiratory plateau pressure limit
of 30 cm H2O were used in spite of mortality being higher in
the group that used high PEEP as compared to the group that
used low PEEP. At ARDS network hospitals, the addition of
PEEP would not have increased value of PaO2/FiO2 for pre-
dicting mortality of ALI (acute lung injury)/ARDS patients.
In contrast, the addition of FiO2 to PaO2/FiO2 could be used
to identify subsets of patients with low or high mortality [20].
In this study, there was a signiﬁcant increase of oxygen index
in non survivors as compared to survivors. In contrast, PaO2
and PaO2/FiO2 were signiﬁcantly decreased in non survivors
as compared to survivors. Tseng et al. [21] found that preexist-
ing cardio-pulmonary conditions, high oxygen index, high
APACHE II, SOFA scores were the strongest predictors of
ventilator dependence. Trachsel et al. [22] concluded that oxy-
genation index had close relation to outcome in case of acute
hypoxemic respiratory failure and can detect severity of oxy-
genation failure and considered it as an independent factor
for assessment of mortality. CPAP delivered by helmet rapidly
improves oxygenation in patients with CAP suffering from a
moderate hypoxemic ARF (PaO2/FiO2 P210 and 6285).
PaO2 and PaO2/FiO2 were used in this study to assess the pro-
gress in oxygenation. After 1 h, PaO2 increased from 125 ± 13
to 164 ± 43 and PaO2/FiO2 also increased from 249 ± 25 to
349 ± 69 [23] but Hu et al. [14] concluded that there was no
signiﬁcant difference of PaO2/FiO2 ratio between survivors
and non survivors of patients with severe CAP needing inva-
sive mechanical ventilation. PaO2/FiO2 is a widely used index
for evaluating oxygen exchange, due to the ease with which it is
calculated and the fact that it can be obtained at the patient
Table 2 Mean, range, standard deviation and statistical analysis of the SOFA score, PaFip and PEEP in the two studied groups.
GI GII t test p value
SOFA score Range 7–10 3–6 15.63 0.001
Mean ± SD 8.66 ± 1.02 4.63 ± 1.21
PaFip Range 1.36–2.26 2.33–2.94 19.27 0.002
Mean ± SD 1.71 ± 0.26 2.60 ± 0.23
PEEP Range 5–15 0–5 17.85 0.001
Mean ± SD 12.22 ± 3.07 2.72 ± 2.54
Table 3 Mean, range, standard deviation and statistical analysis of oxygen index (OI), mean airway pressure and PaO2/FiO2 in the
two studied groups.
GI GII t test p value
OI Range 6.23–13.29 3.64–6.87 6.325 0.004
Mean ± SD 9.73 ± 1.98 5.24 ± 0.91
Mean airway pressure Range 11.1–14 9–11.5 2.352 0.024
Mean ± SD 12.82 ± 0.77 10.31 ± 0.70
PaO2/FiO2 Range 105.3–178.6 167.3–247 11.230 0.001
Mean ± SD 135.3 ± 21.9 200.5 ± 23.6
Table 4 Mean, range, standard deviation and statistical analysis of FiO2 and PaO2 in the two studied groups.
GI GII t test p value
FiO2 Range 50–70 35–50 5.615 0.009
Mean ± SD 61.94 ± 0.44 45.90 ± 4.78
PaO2 Range 73.7–89.3 86.6–98.7 7.523 0.006
Mean ± SD 82.07 ± 4.38 91.5 ± 4.26
Table 5 Linear regression analysis of the SOFA score, PaFip,
oxygen index (OI), PaO2/FiO2and PaO2 in all patients.
Sig. Exp(B) 95.0% C.I. for EXP(B)
Lower Upper
SOFA 0.001 4.63 4.09 5.17
PaFip 0.006 1.52 1.58 1.84
OI 0.025 5.10 4.83 5.64
PaO2/FiO2 0.008 195.3 190.2 211.1
PaO2 0.020 81.3 79.89 84.25
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a part of the deﬁnitions of ARDS and ALI established by the
American- European Consensus Conference [24], and of the
lung Injury Score [25]. In contrast, its main problems are the
following: changes in FiO2 inﬂuence the observed intrapulmo-
nary shunt fraction. When FiO2 is increased to 1, the effects of
the alterations in the ventilation/perfusion ratio may be
masked, with possible underestimation of the intrapulmonary
shunt. Furthermore, atelectasis usually appears at high FiO2,
which in turn increases the shunt fraction [26]. The relationship
between PaO2 and FiO2 is not linear. Because of the complex
relationship among the hemoglobin dissociation curve, (A–a)
O2 gradient, PaCO2 and Hb%, the relationship between
PaO2/FiO2 and FiO2 is likewise complex [27], it is neither con-
stant nor linear, not even in situations in which the shunt
remains constant. As a result PaO2/FiO2 show different behav-iors for a greater or lesser FiO2 according to the existing shunt
fraction [28]. PEEP modiﬁes PaO2 /FiO2. Accordingly, the
same PaO2/FiO2 value can be obtained under very different
respiratory conditions with very different PEEP values. Casa-
doa et al. [10] conﬁrmed that on adding PEEP to the PaO2/
FiO2 model, using PaFip: Ln[(PaO2/FiO2)/(PEEP + 12)] it is
able to improve the model considerably, with a better goodness
of ﬁt, bringing it closer to the routine clinical setting and intro-
ducing a parameter as important as PEEP in an easy manner.
KaO et al. [9] found that adults with severe acute respiratory
failure receiving mechanical ventilation who did not survive
were more likely to have initial high SOFA score, high FiO2,
high days (3) oxygen index and increasing oxygen index from
1st to 3rd day of mechanical ventilation. The SOFA score and
3rd day oxygen index were found to be independent risk fac-
tors for hospital mortality but PaO2/FiO2 ratio was not. Oxy-
gen index was originally used in pediatric ﬁeld as an index for
prediction of mortality of infants with hypoxic respiratory fail-
ure and was also, utilized as one of the clinical criteria for
ECMO application (if OI >40 on 2 or more blood gas mea-
surements) [29] and demonstrated that oxygen index measured
on 3rd day of mechanical ventilation predicts mortality better
than 1st day oxygen index. This may be due to the presence of
individual variation among physicians on dealing with
mechanical ventilation. For example, to adjust ventilator set-
ting in different patients with the same condition, different
respiratory therapists may set slightly higher or lower FiO2,
PEEP, or other parameters especially at the onset of mechan-
ical ventilation when the patient’s condition was still unstable
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this in turn can affect oxygen index early in mechanical venti-
lation. This study concluded that the addition of PEEP to
PaO2/FiO2 ratio, to become PaFip, increased the ability of
the ratio as an early predictor of the outcome of mechanically
ventilated patients with acute respiratory failure and became
likely equal to the SOFA score, but with more advantages than
the SOFA score as it is a simple parameter, easy to be mea-
sured and includes PEEP which is an important parameter
of mechanical ventilation and PaO2/FiO2 which measures the
oxygenation state of the patients and also it was concluded
that oxygen index could also be used as an early predictor of
outcome of mechanical ventilation but to a lesser degree than
PaFip.
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